Abstract: Two of the goals of research in speech communication are to develop models of normal spewh production and normal speech perception. Even partial achievement of these goals can have significant practical consequences, including machine recognition and synthesis of speech, and improved methods for diagnosis and remedlation of speech disorders. In this paper, a current view of a framework for models of speech production and perception will be described, and some of the steps that have led to refinement of these models over the past 50-odd years will be summarized, For example, advances have been made in quantifying acoustic mechanisms of speech production and in specifying the nature of the discrete Iinguis[ic representation of an utterance in memory. There are large deficiencies, however, in our understanding of variability in speech due to speaker differences, speaking style, and context.
TOWARD MODELS OF SPEECH PRODUCTION AND PERCEPTION
Utterances are represented in memory in terms of sequences of words, and there is strong evidence that words are, in turn, represented in memory as sequences of discrete sounds or segments. The patterning of sounds in language leads to the conclusion that these sounds are further represented in memory in terms of a number of discrete categories or features, and that there is some structure to the organization of these features. One aspect of this structure is the classification of features into two distinct types: articulator-free features that can be described in terms of gross acoustic attributes independent of which articulators caused these attributes, and articulator-bound features that are specific to particular articulators. The features have both articulator and acoustic attributes, although of the acoustic correlates of the articulator-free features are more robust than they are for the articulatorbound features. The articulator-free features are characterized by well-defined landmarks in the signal.
When an utterance is to be produced, a speaker assembles the words in memory, and the features that make up the words contain instructions as to which acoustic landmarks are to be generated, which articulators are to be activated, and how these articulators are to be shaped or positioned. The speaker has knowledge of how the movements of these articulators (or other subsidiary articulators) must be fine-tuned to achieve the requisite acoustic goals. Articulators that are not active for a given segment are, within limits, free to be influenced by adjacent segments.
The perception of speech requires that the listener construct the sequence of words intended by the speaker. The listener must first determine the locations of the landmarks (equivalent to defining the presence of segments and the articulator-free features for the segments). The listener must then use information near the landmarks in the signal to determine which of the possible articulator-bound feamres are associated with these particular landmarks, SOME ADVANCES~RESEARCH LEADING TO CURRENT MODELS Not everyone would describe the speech production and perception processes in quite these terms, but the essence of most models is, hopefully, captured by this broad description. What are the advances in research that have led to this view or to a similar alternative view? In response to the organizers of this session, I will list a sequence of a few turning points in my own experience over the past few decades.
1. Reading the book "Visible Speech" (1) and the Joos monograph "Acoustic Phonetics" (2), both of which emerged from the Bell Telephone Labs following the second World War. These books showed how spewh patterns could be quantified, and began the process of defining the acoustic properties of different classes of speech sounds.
context-dependence of these cues and to the potential complexity of the relation between acoustic patterns and phonetic categories.
3. Acoustic theories of speech production as originally developed by Gunnar Fant (4), quantifying the relations between vocal-tract shapes, aerodynamics, and acoustics. This work permitted articulator shapes and movements to be inferred from the acoustic patterns of speech. This research has continued to advance over the past few decades.
4. Gaining an acquaintance with the phonological underpinnings of language through interaction and collaboration with linguists like Morris Halle, Roman Jakobson, and Jay Keyser, This experience included exposure to the concept of natural classes, the structure into which these natural classes or features are organized, and underlying representations of lexical items (5, 6). 5 . The recognition that, although the vocal tract is basically an analog device, the relations between articulation, acoustics, and perception have quantal properties (7, 8) . These quantal properties of the speech production and perception systems provide physical support for the discrete classes or features that define the phonological component of language.
6. The realization that the patterns of sound that constitute an utterance are structured in a way that represents phonological units in a relatively straightforward way. Reasonably well-defined landmarks provide evidence for the articulator-free features and the segments, and specify locations where articulator-bound features are represented in the sound.
TASKS FOR FUTURE RESEARCH
All of these gains in our knowledge and in the refinement of our models represent only a beginning. The concepts listed above are general concepts about speech, and fail to account for variability across speakers and across languages. Studies of individual differences in the production and perception of speech are only beginning, and these studies are a natural prelude to more detailed research on speech disorders. The future should see an increased influence of the theories described above in the development of engineering systems such as speech recognition and speech synthesis, as well as in the assessment and remediation of speech disorders, A long-term goal for the next century must be to uncover the brain mechanisms that are involved in the storing and processing of human speech and language and in the acquisition of these skills by children.
